Abstract Proustia is a small southern Andean genus of shrubs, vines and small trees, which are characteristic elements of Chilean and Argentine Andean forests, thickets and desert scrubs. Since Proustia possesses an unusual and characteristic morphology within the Nassauvieae, its circumscription as well as its phylogenetic placement is decisive in understanding the evolution of the tribe. Berylsimpsonia, from the Caribbean, was segregated from Proustia, which currently only includes three species. Lophopappus, another Andean genus, has been closely related to Proustia in sharing style and corolla features that are unusual in the Nassauvieae. The purpose of this work is to evaluate the placement of Proustia within the Nassauvieae, its relationships with Berylsimpsonia and Lophopappus, and the relationships of its species using molecular data and phylogenetic methods. This is the first comprehensive analysis of Proustia. We have included in our study the three currently accepted species of Proustia and seven of its ten infraspecific taxa. For each taxon of Proustia, one to seven accessions were analyzed. Species of Lophopappus and Berylsimpsonia, as well as 16 species belonging to 13 genera of Nassauvieae were also analyzed. We sequenced the nuclear ribosomal ITS and ETS, and the plastid regions ndhF, 5′ trnK-matK, trnL-trnF, and trnL(UAG)-rpl32. Unlike other previous studies, Proustia is not sister to the rest but nested in the tribe in our analyses. Berylsimpsonia vanillosma and P. ilicifolia are distantly related to P. pyrifolia, the type of the genus. According to nuclear DNA data, the infraspecific taxa of P. cuneifolia were recovered all in a well-supported clade, although based on the plastid data P. pyrifolia does not form a lineage separate from P. cuneifolia. Lophopappus is the genus most closely related to Proustia. Regarding the evolution of styles, our results suggest multiple origins of atypical stylar features in the Nassauvieae. As a result of our analyses we propose the segregation of Proustia ilicifolia into the new genus Spinoliva. Morphological data are consistent with the segregation of Proustia and Lophopappus as separate genera. Two species of Proustia, P. cuneifolia and P. pyrifolia are recognized. Three lectotypifications, one neotypification, two new combinations and five rank changes are proposed.
INTRODUCTION
The Compositae are the largest family of flowering plants and a key element to understand biodiversity globally (Funk & al., 2009; Willis, 2017) . Proustia Lag. is a small intriguing Andean genus of the Compositae, which belongs to the tribe Nassauvieae within the subfamily Mutisioideae. Proustia occurs from Peru to Central Chile and Argentina. Its species are characteristic elements of sclerophyllous Andean forests, thickets and desert scrubs (Cabrera, 1971; Luebert & Pliscoff, 2006) . After the Barnadesioideae and Famatinanthoideae, the subfamily Mutisioideae is the sister group to the remaining over 95% of the species of Compositae . Therefore, understanding the relationships of genera like Proustia is crucial in helping to elucidate the early evolution of this family.
While Proustia has long been placed in Nassauvieae based on its predominantly bilabiate corollas, tailed anthers and pollen exine stratification (e.g., Crisci, 1974; Cabrera, 1977; Tellería & al., 2003; Katinas & al., 2008a, b) , its placement within this tribe is not yet clear. In previous phylogenetic analyses, Proustia was recovered as sister to the rest of Nassauvieae , whereas in other studies its placement was variable and even dependent on which molecular markers were employed (Katinas & al., 2008b; Luebert & al., 2009; Jara-Arancio & al., 2017) . However, these studies did not focus on Proustia and each of them included only one of its three species. Because it possesses atypical morphological features, the circumscription of Proustia, as well as its phylogenetic placement in the Nassauvieae, are decisive to understand the evolution of the tribe. Proustia differs from the core of the tribe by its apically rounded style branches (Crisci, Fig. 1 . Morphological distinctive characters of Proustia and related genera. A-G, P. cuneifolia: A-C, Leaf blades with pinnate venation showing shape and margin variation; A, P. cuneifolia f. cuneifolia (Sancho & al. 262 , LP); B, P. cuneifolia f. mendocina (Böcher & al. 2268 (Sancho & al. 291, LP) (Crisci, 1974) . However, we failed to find this type of corolla. Drawn by Gisela Sancho. Version of Record 1974; Sancho & al., 2014) , dorsally covered by collecting hairs on the distal half (vs. usually apically truncate style branches with an apical tuft of collecting hairs in most Nassauvieae). In addition, the corollas of Proustia are sometimes deeply 5-lobed ( Fig. 1 ) instead of the typical bilabiate corollas of Nassauvieae.
Intergeneric relationships of Proustia are no less problematic. Lophopappus Rusby, an Andean genus of five species (Katinas & al., 2013) has been closely related to Proustia, mainly by sharing style, corolla, and pollen features (Crisci, 1974; Tellería & al., 2003; Katinas & al., 2013; Sancho & al., 2014) . Figures 1A-P and U-Y show some of their distinctive features. Lophopappus and Proustia were synonymized by Ferreyra (1995) and have been recovered as sister groups in previous phylogenetic analyses . Proustia was considered to be composed of four species by Fabris (1968) . Based on differences of morphological characters, one of the species included in Proustia by Fabris (1968) , P. vanillosma C.Wright from the Caribbean, was transferred first to Acourtia D.Don (Crisci, 1974) and then to the new genus Berylsimpsonia B.L.Turner (Turner, 1993) (Fig. 1Q-T) , bringing Proustia to its present circumscription with three species. Until now, the phylogenetic relationships between Berylsimpsonia, Lophopappus and Proustia remained unstudied with molecular data.
Although it only includes three species (Fabris, 1968; Sancho & al., 2014) (Table 1) , Proustia shows a highly variable morphology, and this variation led Fabris (1968) to recognize several forms under each species. Besides, recent morphological phylogenetic analyses have challenged its monophyly (Sancho & al., 2014) . If Proustia is confirmed as non-monophyletic, the systematic and evolutionary significance of its unusual morphological characters mentioned above would need to be re-evaluated within Nassauvieae.
A non-monophyletic Proustia could explain its variable morphology despite the low number of species (Sancho & al., 2014) . Indeed, homology of some of the traditional diagnostic features of Proustia is under debate. Sancho & al. (2014) indicated that the spiny structures usually referred to as diagnostic of Proustia are not homologous and probably adaptations to particular habitats. Spiny structures and secondary inflorescences (capitulescences) support independent lineages each representing one species of Proustia (Table 1; Figs. 1, 2) . These findings seem to agree with previous authors who subdivided Proustia into different sections, with one species each (Don, 1830; Candolle, 1838; Fabris, 1968) . The monophyly of Proustia and the interspecific relationships have not yet been addressed in molecular phylogenetic studies.
The purpose of this work was to evaluate the placement of Proustia within the Nassauvieae, its relationships with Berylsimpsonia and Lophopappus, and the relationships of its species using molecular data and phylogenetic methods. Since our results confirmed the non-monophyly of Proustia, we offer a reinterpretation of homology of morphological characters traditionally used to define Proustia and provide generic rearrangements necessary to accommodate monophyletic groups into taxonomic entities.
MATERIALS AND METHODS
Taxon sampling. -We included the three accepted species of Proustia and seven of its ten infraspecific taxa recognized by Fabris (1968) (Appendix 1) . Under the synonymy proposed herein (Table 1) , all the infraspecific taxa were sampled. For each taxon of Proustia, one to seven accessions were analyzed. Three species (of five) of Lophopappus and one (of two) species of Berylsimpsonia were included as closely related taxa of Proustia (e.g., Fabris, 1968; Crisci, 1974; Luebert & al., 2009) . Nassauvieae possesses 25 genera and around 320 species (Katinas & al., 2008a) . Twenty-two species belonging to 13 genera of Nassauvieae (Acourtia, Calopappus Meyen, Dolichlasium Lag., Holocheilus Cass., Jungia L.f., Leucheria Lag., Moscharia Ruiz & Pav., Nassauvia Comm. & Juss., Oxyphyllum Phil., Table 1 . Proustia sections, species and forms (according to Fabris, 1968 and Cabrera, 1977) Katinas & al. (2008b) , , Luebert & al. (2009) , , and Chacón & al. (2017) .
DNA isolation, amplification, and sequencing. -Genomic DNA was extracted from leaf material (dried in silica gel or from herbarium specimens) using a modified CTAB method (Doyle & Dickson, 1987) , DNeasy plant mini kit (Qiagen, Valencia, California, U.S.A.) or Nucleospin Plant II Kit (MachereyNagel, Düren, Germany) following manufacturer's instructions. We sequenced the nuclear ribosomal ITS and ETS, and the plastid regions trnL-trnF, 5′ trnK-matK, trnL(UAG)-rpl32 and ndhF. PCR reaction mixes for all markers were 12-13 μl ddH 2 O, 1 μl DNA, 2.5 μl type 10× buffer, 2.5 μl 25 mM dNTPs, 1.5-2.5 μl of each 10 μM primer, 1.5 μl 25 mM MgCl 2, and 0.2 or 0.4 μl of Invitrogen (Life Technologies, São Paulo, Brazil) Taq polymerase. All 25-μl PCR reactions were performed in a Gene Prothermal cycler (Bioer Technology, Hangzhou, Japan-China) or Trio-Thermoblock thermal cycler (Biometra, Göttingen, Germany). Amplification primers for ITS were those of White & al. (1990) and cycling conditions followed Katinas & al. (2008a) . The ETS was amplified with primers ETS1 and 18S-IGS (Baldwin & Markos, 1998 and Bayer & al., 2002 , respectively) and cycling conditions followed Sancho & al. (2015) . Amplification primers c and f for trnL-trnF were those of Taberlet & al. (1991) and cycling conditions followed Katinas & al. (2008a) . The 5′ trnK-matK was amplified with primers 3914F (Johnson & Soltis, 1994) and 1240R (Bayer & al., 2002) and cycling conditions followed Sancho & al. (2015) . The trnL(UAG)-rpl32 region was amplified with primers rpl32 and trnL (Shaw & al., 2007) with cycling conditions following Baird & al. (2010) . Amplification primers for ndhF were 1F, 1318R, 972F (Olmstead & Sweere, 1994) and +607 (Kim & Jansen, 1995) and cycling conditions followed Kim & Jansen (1995) . The PCR products were purified using a QIAquick purification kit (Quiagen) or GeneJET PCR Purification Kit (Thermo Fisher Scientific Biosciences, St. Leon-Rot, Germany) following the manufacturer's instructions. Cycle sequencing was performed with BigDye Terminator v.3.1 and sequenced on an ABI 3730xl DNA Analyzer (Applied Biosystems, Foster City, California, U.S.A.). Contig building of resulting sequences was carried out using Geneious Pro v.5.6.5 (Biomatters, Auckland, New Zealand) and aligned using the software MAFFT v.6.603 (Katoh & al., 2002) followed by manual adjustments using PhyDE v.0.9971 (available from http://www.phyde.de/, accessed 17 Apr 2014) and BioEdit v.7.2.6 (Ibis Biosciences, Carlsbad, California, U.S.A.). The 233 newly generated sequences were deposited in GenBank (Appendix 1).
Phylogenetic analyses. -Nuclear (ETS, ITS) and plastid data (ndhF, 5′ trnK, trnL-trnF, trnL(UAG)-rpl32) were analyzed separately. The topologies of separate ITS and ETS analyses were checked for congruence before combining them. The nuclear dataset contained 58 accessions and 28% missing data, mostly because we were unable to amplify ITS in several Proustia species or because only one of the markers was available from the literature. The plastid dataset contained 56 accessions and 9% missing data (see Appendix 1) .
Maximum likelihood (ML; Felsenstein, 1981) and Bayesian (BA; Mau & al., 1999) analyses were carried out for each data matrix on the CIPRES Science Gateway (Miller & al., 2010) . ML analyses were conducted in RAxML v.8.2.10 (Stamatakis al., 2008) and BA was performed using MrBayes v.3.2.6 (Ronquist & Huelsenbeck, 2003) . Partitions were unlinked in both analyses. The software jModelTest v.2. 1.2 (Darriba & al., 2012) , under the Akaike information criterion (AIC), was used to determine the substitution model that best fitted sequence data of each data partition.
Bootstrap support (BS) was calculated in the ML based on 1000 replicates. For BA, analyses were conducted in 4 independent runs for 2 million generations sampling every 1000 generations. The first 500 trees (25%) were discarded as burn-in after checking for convergence in Tracer v.1.5 (available at http://tree. bio.ed.ac.uk/software/tracer/, accessed 15 Oct 2012), that ESS values of all parameters lay above 200. Posterior probabilities (PP) at nodes correspond to the 50% majority-rule consensus tree calculated from of the posterior distribution of the BA.
Topology tests. -We conducted topology tests in order to assess the plausibility of alternative topologies given our datasets. The original topology retrieved from the ML analyses of the nuclear and plastid datasets were modified using TreeGraph v.2.7.0-557-beta (Stöver & Müller, 2010) to obtain the following alternative topologies: (1) Proustia ilicifolia sister to Lophopappus + P. cuneifolia + P. pyrifolia, (2) Proustia ilicifolia sister to P. cuneifolia + P. pyrifolia, (3) Proustia ilicifolia sister to P. cuneifolia, (4) Proustia pyrifolia sister to P. cuneifolia. The approximately unbiased test (AU-test; Shimodaira, 2002) was employed to test all alternative topologies against the respective original topology. We used the IQ-TREE software v.1.5.5-beta (Nguyen & al., 2015) and analyses were run with 10,000 bootstrap replicates.
Morphological observations. -For the taxonomic treatment, the specimens studied are those indicated in Sancho & al. (2014) . Additionally, specimens housed at B, K, P, S and SGO were analyzed. Type specimens were examined during research visits to herbaria or from herbarium websites. Pollen terminology follows Punt & al. (1994) .
RESULTS
Phylogenetic analyses. -Our nuclear dataset had a total of 1321 aligned positions (ETS: 570, ITS: 751) and 995 distinct alignment patterns (ETS: 446, ITS: 549). Substitution model GTR + Γ was selected for ETS and GTR + I + Γ for ITS. ML and BA analyses yielded identical trees, with differences only in the support of some branches. Figure 3A shows the topology of the ML analysis using nrDNA data.
Our plastid dataset had a total of 5402 aligned positions (ndhF: 2172, 5′ trnK-matK: 1133, trnL-trnF: 978, trnL(UAG)-rpl32: 1119) and 1473 distinct alignment patterns (ndhF: 438, 5′ trnK-matK: 275, trnL-trnF: 325, trnL(UAG)-rpl32: 435). Substitution model HKY + Γ was selected for trnL-trnF and GTR + Γ for ndhF, 5′ trnK-matK and trnL(UAG)-rpl32. ML and BA analyses yielded similar trees, with differences only in the support of some branches. Figure 3B shows the topology of the BA analysis using plastid data.
The results obtained from the nuclear and plastid data both suggest that Berylsimpsonia, Trixis, Dolichlasium and Jungia form a monophyletic group. Moreover, Proustia ilicifolia, P. pyrifolia and Lophopappus were each retrieved as well-supported monophyletic groups in both nuclear and plastid trees. Furthermore, the results of both nuclear and plastid datasets suggest that Lophopappus, Proustia cuneifolia and P. pyrifolia form a well-supported monophyletic group. Conversely, the topologies obtained from nuclear and plastid data differ in two major aspects. First, in the nuclear tree P. pyrifolia was retrieved as sister to Lophopappus (PP = 1, BS = 88), while in the plastid tree P. pyrifolia was recovered as sister to P. cuneifolia f. mendocina (PP = 1, BS = 99). Second, P. ilicifolia was recovered as sister to all remaining Nassauvieae except Leucheria, Moscharia, Oxyphyllum and Polyachyrus in the nuclear tree, whereas in the plastid tree P. ilicifolia is sister to the latter four genera. However, the relationships of P. ilicifolia are only weakly supported in both analyses. Given the lack of topological congruence between nuclear and plastid trees, we did not combine these datasets.
Topology tests. - The results of the AU-test suggest that all alternative topologies should be rejected (Fig. 4) . Neither Proustia ilicifolia sister to Lophopappus + P. cuneifolia + P. pyri folia nor sister to P. cuneifolia or to P. cuneifolia + P. pyrifolia are as good explanations of the datasets as the original topologies obtained both from the nuclear and plastid datasets. The only exception occurs when P. pyrifolia is made sister to P. cuneifolia, which is rejected only as an explanation of the plastid dataset, but not of the nuclear dataset.
DISCUSSION
Phylogenetic relationships of Proustia in Nassauvieae. -This is the first comprehensive analysis of Proustia, a small but highly variable genus of Nassauvieae with unusual morphology. Unlike previous studies, in our analyses with nuclear data Proustia is not sister to the rest but nested in the tribe, albeit with low support. This contrasts with the results of and , but agrees with other studies (Katinas & al., 2008b; Luebert & al., 2009) .
Two species formerly included in Proustia, P. ilici folia and P. vanillosma (the latter currently Berylsimpsonia vanillosma) are distantly related to P. pyrifolia, the type of the genus. However, the placement of P. ilicifolia was uncertain in our phylogenetic trees and varied depending on whether plastid or nuclear data were taken into account. Only one previous phylogenetic study had included P. ilicifolia (Jara-Arancio & al., 2017) , retrieving it as sister to Macrachaenium Hook.f. We were not able to include Macrachaenium in our analysis. The placement of Macrachaenium remains uncertain within the Mutisioideae and necessitates further analyses. Berylsimpsonia was retrieved as closely related to Trixis, as suggested by Turner (1993) . However, these relationships were not recovered in previous phylogenetic analyses based on morphological data (Crisci, 1974; Sancho & al., 2014) .
According to our nuclear DNA data, the infraspecific taxa of P. cuneifolia are all included in a well-supported clade in agreement with classifications of previous authors (Cabrera, Version of Record MUT, Mutisieae; ON; Onoserideae; B, Barnadesioideae (outgroup). Drawings and bars besides taxon names represent the types of styles of Nassauvieae; black bar: style bilobed, branches relatively short, apically rounded and dorsally hairy in distal half, atypical of Nassauvieae; white bar: style bifid, with flattened and truncate branches, dorsally glabrous and crowned with a tuft of elongate collecting hairs, typical of Nassauvieae; grey bar: style bifid, branches relatively long, apically rounded and slightly expanded, dorsally hairy in distal fifth, atypical of Nassauvieae. 1953; Fabris, 1968) . However, our plastid data suggest P. pyrifolia is sister to P. cuneifolia f. mendocina. Although a placement of P. pyrifolia as sister to P. cuneifolia cannot be rejected as a good explanation of our nuclear data (Fig. 4) , a hybrid origin of P. pyrifolia as a cause for its discordant position in nuclear and plastid trees cannot be ruled out (Degnan & Rosenberg, 2009 ). This possibility should be further explored. However, the current distributions of P. pyrifolia, P. cuneifolia f. mendocina and Lophopappus do not overlap and no morphological characters known to us seem to support an hybrid origin.
Lophopappus is recovered as the most closely related taxon to Proustia (excl. P. ilicifolia) in all analyses, a result that confirms previous analyses with morphological (Crisci, 1974 (Crisci, , 1980 Katinas, 1994) and molecular data Luebert & al., 2009 ). These studies highlight that the most important morphological characters are those of the style and the corolla.
The unusual styles and corollas of Proustia in the context of Nassauvieae. -In Compositae, style morphology is not only crucial in the context of secondary pollen presentation mechanisms, but contributed important characters to tribal circumscription (Erbar & Leins, 2015; .
Typically defined as bifid, with flattened and truncate branches, dorsally glabrous and crowned with a tuft of elongate collecting hairs (style type 1; Crisci, 1974) , the styles of Nassauvieae are distinctive for the tribe (Fig. 3) . Indeed, a deeper analysis of stylar characteristics led Erbar & Leins (2015) to identify two sub-types of styles within the usually regarded as "typical styles" of Nassauvieae.
Some genera, however, depart from these typical characteristics. For instance, styles with relatively short branches, apically rounded and dorsally hairy in distal half are atypical for the tribe and are found only in Proustia (P. cuneifolia, P. ilici folia, P. pyrifolia; Fig. 1F , K, O), Cephalopappus Nees & Mart., Lophopappus (Fig. 1X) and Macrachaenium (style type 2 according to Crisci, 1974 ; Proustia type according to Erbar & Leins, 2015) . Another type of style with long, apically expanded branches, dorsally hairy on distal fifth, occurs in Acourtia, Leunisia Phil., Berylsimpsonia (Fig. 1S ) and two species of Perezia (style type 3; Crisci, 1974) . Neither Leunisia nor the two species of Perezia were included in our phylogenetic analyses.
This stylar morphological variability in Nassauvieae is unusual. Among the early-branching groups of Compositae, just Barnadesioideae and Nassauvieae have several style types (Erbar & Leins, 2015) .
Although we did not include all genera of Nassauvieae in our analyses, some observations about the evolution of the styles in this tribe can be outlined. As indicated above, stylar similarities shared by Berylsimpsonia and Acourtia were highlighted by Crisci (1974) . In fact, Berylsimpsonia vanillosma (previously Proustia vanillosma; Fabris, 1968) was first transferred to Acourtia because of its style and pollen characteristics (Crisci, 1974) . However, our results show that these two genera are not closely related, and their similar style features appear to have evolved twice independently (Fig. 3) .
The same can be said about the styles of Proustia and the other genera mentioned above with branches relatively short, apically rounded and dorsally hairy on distal half. However, our analyses show that P. ilicifolia is distantly related to the other species of Proustia and Lophopappus despite all having similar stylar characteristics (Fig. 3) . In consequence, our results suggest multiple origins of atypical stylar features in the Nassauvieae (Fig. 3 ), in agreement with Sancho & al. (2014) . The evolution of the unusual disk corollas of Proustia within Nassauvieae may have taken similar paths to those of style evolution. Disk corollas of Nassauvieae are typically bilabiate usually with a shallowly 3-lobed external lip and a deeply 2-lobed internal lip (Crisci, 1974; Katinas & al., 2008a) (Fig.  1D, I , N, R, V). As with styles, exceptions to the typical pattern (Fig. 1W) , Proustia pyrifolia and P. cuneifolia (Fig. 1E ) (Fabris, 1968; Crisci, 1974; Katinas & al., 2013; Sancho & al., 2014) . In Proustia and Lophopappus, these unusual corollas are not always symmetrically 5-lobed, with all the lobes similar in length, but irregularly 5-lobed, showing different stages and forming a continuum between bilabiate and 5-lobed corollas (Crisci, 1974; Katinas & al., 2013; Sancho & al. 2014) (Fig.  1J, W) .
Deeply 5-lobed corollas may also appear in the other tribes of Mutisioideae, for example in Adenocaulon and Eriachaenium Sch.Bip. of Mutisieae and in Plazia, Gypothamnium and Aphyllocladus Wedd. of Onoserideae (Katinas & al., 2008a) . It is widely accepted that the ancestral corolla in Compositae was 5-lobed (Bremer, 1994; Stuessy & al., 1996; Stuessy & Urtubey, 2006) . Stuessy & Urtubey (2006) proposed that 5-lobed corollas of Barnadesioideae evolved in double split corollas (subbilabiate), from which bilabiate ones originated. If this evolutionary model is accepted, the irregularly 5-lobed corollas found in Proustia and Lophopappus would represent intermediate states between bilabiate and actinomorphic corollas.
Re-definition of Proustia. -According to our results, a re-definition of Proustia from its present concept is needed in order to render monophyletic taxa. In the treatment presented below, we have also thoroughly considered the criterion of ease of morphological recognition of the taxa and, at the same time, attempted to maximize nomenclatural stability (Backlund & Bremer, 1998; Vences & al., 2013) .
The Caribbean Berylsimpsonia is confirmed as distantly related to Proustia within the Nassauvieae. The infrapetiolar spines of Berylsimpsonia vanillosma are not homologous with those of Proustia pyrifolia (Table 1; Fig. 2D ). This is an important outcome since spiny structures (Fig. 2B, D) were interpreted as diagnostic features of Proustia (Fabris, 1968) . Our phylogenetic analyses confirm the results of Sancho & al. (2014) , who regarded the spiny structures of Proustia as having multiple origins. These authors also suggested different ecological roles for these structures in Proustia. Berylsimpsonia has been recognized at generic level in all major recent taxonomic treatments (e.g., Hind, 2007; Katinas & al., 2008a) , a criterion maintained here. Our results indicate that Proustia ilicifolia does not form a monophyletic group with the other two species of the genus and is distantly related to them. This also agrees with the morphological analysis of Sancho & al. (2014) , who pointed out that spiny structure type, habit and type of capitulescences (Table 1 ; Fig. 1G , L, P) support differentiation of each species of Proustia. We therefore propose the segregation of P. ilicifolia to a new genus (see below). The remaining species of Proustia, P. cuneifolia and P. pyrifolia (hereafter Proustia s.str.) were recovered in a well-supported clade together with Lophopappus, with P. pyrifolia sister to Lophopappus in the analysis with nuclear data, but nested in P. cuneifolia in the analysis with plastid data.
Once P. ilicifolia is segregated to a new genus, several possibilities can be envisioned in order to taxonomically account for the other phylogenetic results: (1) to lump Lophopappus in Proustia s.str. as was proposed by Ferreyra (1995) , an option agreeing with both nuclear and plastid data; (2) to segregate Proustia to its type P. pyrifolia, include Lophopappus in Proustia, and create a new genus for P. cuneifolia, which is in agreement with our nuclear data, but not with the plastid data; (3) to consider three independent genera: Lophopappus, the monospecific Proustia (with solely P. pyrifolia), and a new genus for P. cuneifolia; (4) to consider Lophopappus as an independent genus, sister to a reduced Proustia (Proustia s.str.) which would include P. pyrifolia and P. cuneifolia, as supported only by our plastid data.
From a morphological point of view, P. cuneifolia, P. pyrifolia and Lophopappus share important features, such as similar styles (atypical within Nassauvieae) and transitional corollas between actinomorphic to bilabiate ( Fig. 1) , which, as previously pointed out, have evolved more than once in the tribe. With respect to pollen features, which have been regarded as important in defining genera within Nassauvieae (Crisci, 1974) , it is not possible to establish a sharp differentiation among these taxa. Indeed, P. cuneifolia and P. pyrifolia have Trixis exine type whereas some species of Lophopappus have Proustia exine type and some others Trixis exine type.
The solitary or few capitula (2-4) of Lophopappus (Fig.  1Y) , however, contrast with the capitulescences of numerous capitula in P. cuneifolia and P. pyrifolia (Figs. 1G, P, 2A, C). Some differences concerning leaf venation can also be stressed (Hickey, 1979) . The species of Lophopappus have a typical acrodromous (i.e., with two or more primary or strongly developed secondary veins toward the leaf apex; Fig. 1U ) or actinodromous venation (i.e., three or more primary veins diverging radially from a single point; Katinas & al., 2013) whereas in P. pyrifolia and P. cuneifolia dominates pinnate venation (i.e., with a single primary vein serving as the origin for the higher order venation; Fig. 1A-C, H, M) .
In summary, morphological data are consistent with the segregation of Proustia and Lophopappus as separate genera, but not with the segregation of P. cuneifolia as a new generic entity. The only study known to us in which Lophopappus and Proustia have been reunited is the treatment of Ferreyra (1995) for the "Flora of Peru". This option has the advantage of being consistent with the phylogenetic trees obtained from both nuclear and plastid data. Conversely, these genera have been considered as separate units in all recent taxonomic treatments (Fabris, 1968; Cabrera, 1977; Hind, 2007; Katinas & al., 2008a Katinas & al., , 2013 , floristic checklists (e.g., Zuloaga & al., 2008; Moreira & al., 2012) and phylogenetic studies (e.g., Katinas & al., 2008b; Luebert & al., 2009; , but is only consistent with our phylogenetic results derived from plastid data. However, our topology test failed to reject Lophopappus and Proustia as reciprocally monophyletic with the nuclear data (Fig. 4) . Given the topological uncertainty of the phylogenetic analyses in this region of the tree, we take a morphologically consistent and nomenclaturally conservative approach and do not modify the circumscription of Lophopappus and Proustia (other than segregating P. ilicifolia) thus following the recent taxonomic literature.
In agreement with our arguments presented above, we recognize two species in Proustia, namely P. cuneifolia and P. pyrifolia (the type). Proustia cuneifolia f. mendocina varied its placement in the phylogenetic trees (it was recovered sister to P. pyrifolia in the plastid tree and nested within P. cunei folia in the nuclear tree). From all the subordinate taxa of P. cuneifolia the form mendocina is the most distinctive by its spinosedentate leaf blades (Fig. 1B) . However, P. cuneifolia f. mendocina shares important morphological features with the other subordinate taxa of P. cuneifolia, especially those concerning to the thorny capitulescense, a very distinguishing feature of this species. Furthermore, P. cuneifolia f. mendocina has a marginal geographical distribution within P. cuneifolia (Fig. 5) . In the light of this evidence, we propose to maintain P. cuneifolia. f. mendocina as a subordinate taxon of P. cuneifolia, although assigning it a new rank of subspecies. For the same reasons, we also propose to raise P. cuneifolia f. cinerea, P. cuneifolia var. mollis and P. cuneifolia f. tipia, to the rank of subspecies. All these taxa are geographical and morphological variants within P. cuneifolia. With respect to the other genera once related to Proustia, the taxonomy of Lophopappus has been fully revised by Katinas & al. (2012) and a treatment of Berylsimpsonia has been provided by Turner (1993) .
TAXONOMIC TREATMENT
I. Proustia Lag., Amen. Nat. Españ. 1: 33. 1811 -Type: P. pyrifolia DC. A South American genus comprising two species, P. cuneifolia and P. pyrifolia. Distinguishing characters of these species are provided in Table 1 . The morphology of Proustia was thoroughly described by Fabris (1968) and Sancho & al. (2014) .
We follow Fabris (1968) regarding the synonymy of most species. Therefore, we only provide the basionyms of each taxon and the synonymy changes proposed herein. In order to hold a nomenclaturally conservative approach, we maintain two of the sections included by Fabris (1968) (Fig. 5B ). This species of shrubs with thorny capitulescences inhabits sclerophyllous forests, thickets and desert scrub. Description. -Shrubs or small trees, up to 4 m tall, young branches unarmed, somewhat striate, subglabrous, glandular with minute glands, older branches glabrous. Leaves alternate, sessile, blades 4-7.5 × 1-2.8 cm, obovate to elliptic, coriaceous, venation camptodromous, glandular, glabrous or tightly, white tomentose beneath, margins spiny. Capitula in thyrses, those of secondary axes in spiciform arrangements; capitula sessile, homogamous, discoid. Involucre 2.5-4 mm high, cylindrical, phyllaries 4-seriate, imbricate, inner progressively longer, outermost 0.8-1.8 × 0.7-1 mm, innermost 2.8-3.4 × 1.1-1.8 mm, coriaceous, commonly centrally shiny and thicker, margins scarious, glandular. Receptacle epaleate, flat or convex, fimbrillate to setiferous. Florets (2)3-5, isomorphic, bisexual, corolla 4.6-5.5 mm long, bilabiate, outer lip ca. 2.5 mm long, hairy with unicellular acute trichomes, distinctly 3-lobed, lobes ca. 1 mm long, regularly or rarely irregularly incised, inner lip deeply divided, lobes 2.5-3 mm long, coiled. Anthers 2.3-2.5 mm long, caudate, tails 0.5-0.8 mm long, glabrous or with a few projections, apical appendages acute. Style bilobed, branches ca. 0.5 mm long, apex rounded, externally hairy on distal half, internally completely covered by stigmatic papillae, base swollen surrounded by a nectariferous ring with many stomata. Cypselae ca. 1.4 mm long, nearly prismatic, subglabrous near base, sericeous distally with twin hairs, 4-ribbed, short carpopodium at base. Pappus of 2 series of white, semi-caducous bristles, 3.7-4.2 mm long, flat and scabrid at base, apex somewhat barbellate-plumose, bristles of outer series slightly shorter and thinner. Figs. 1H-L, 2E, F, 6, 7A .
Key to subspecies of Proustia cuneifolia
Pollen. -The pollen grains are radially symmetrical and isopolar; subprolate in equatorial view, circular in polar view. The polar diameter is 28-33 µm and the equatorial diameter 19-29 µm. The grains are tricolporate, and the colpi long with a microgranulate membrane. The endoaperture is lalongate. As a general description, the exine is tectate, microechinate and 2-4.5 µm thick. Two types of exine structure are found: Trixis type (ectosexine thinner than endosexine, both sublayers columellate) or Proustia type (ectosexine of same thickness as endosexine, both sublayers columellate). The sexine is about 2 or 3 times as thick as nexine. The internal tectum is parallel to the nexine. The nexine is thickened towards the apertures forming costae (Tellería & al., 2003) .
Leaf anatomy. -The blades of Spinoliva ilicifolia are covered by scattered glands (vesicular filiform trichome; Ramayya, 1962) and oblique-septate-flagellate trichomes. The blades are amphistomatic. In cross section, the blades show a thick cuticle and a single-layered epidermis of polygonal cells, with straight tangential walls. The mesophyll is dorsiventral with one palisade layer and spongy tissue. Two or more, commonly three, vascular bundles are found at the midrib level. The vascular bundles are completely encircled by sclerenchyma. Below the vascular bundles, inflated cells with refractive content are arranged as if they have secretory products. 
